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Closed circuit TV system being used in a bank. The lady at the left is inserting a 
deposit slip into an opening which permits the camera, mounted directly above the 
enclosure, to ‘see’ and transmit the data to a remote monitor. 

Courtesy Allen B. DuMont Laboratories, Inc. 
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Success doesn’t happen. It is organized, pre-empted, 
captured by concentrated common sense. 
—Frances E. Willard 


MONITORS AND 


ACCESSORY 


In previous lessons, all of the 
equipment necessary to produce 
the video signal has been explain- 
ed. Now there remains only the 
equipment which is necessary to 
reproduce the picture. This equip- 
ment includes a monitor or televi- 
sion receiver, a distribution sys- 
tem to feed the reproducing units 
and the accessory equipment which 
is often used with the entire cam- 
era chain such as lenses, regu- 
lated power supplies and inter- 
connecting cables. 


MONITORS 


Probably the most common re- 
producing unit used in closed cir- 
cuit TV systems is the monitor. A 
comparison of the block diagram 
of Figure 1 with the block dia- 
gram of a conventional TV re- 
ceiver reveals that the circuits 
following the video second detec- 
tor in the TV receiver are almost 
identical to the complete monitor 
circuits. The major exception is 
the complete lack of a sound sys- 
tem in the monitor, and provi- 
sions for injecting external syne. 


Circuit Description 
To analyze the circuits of the 
monitor, the schematic diagram 
of a typical unit is shown in Fig- 
ure 2. This particular monitor is 
manufactured by the Dage Televi- 
sion Company to be used in con- 
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junction with their camera chain. 
However, it can also be used with 
equipment made by other manu- 
facturers. 

Starting at video amplifier V;, 
notice that there are two video 
input jacks connected in parallel. 
The purpose of this arrangement 
is twofold. Since the monitors in 
an industrial set-up are practi- 
cally always a considerable dis- 
tance away from the camera or 
the camera control unit, a coaxial 
cable is used to feed the various 
signals from either of these units 
to the monitor. In order to pre- 
vent serious distortion of the sig- 
nal, the coaxial cable must be ter- 
minated with a resistance that is 
equal to its characteristic imped- 
ance. If only one monitor is being 
used, the coaxial cable is connect- 
ed to one video input jack and a 
dummy coaxial connector with a 
built in load resistor is connected 
to the other jack. 


When more than one monitor is 
being used, the coaxial cable is 
fed from the camera control unit 
to one video input jack of the first 
monitor and another coaxial cable 
is connected from the remaining 
video input jack to one of the 
video input jacks of the second 
monitor. The coaxial connector 
with the built in load resistor is 
then connected to the remaining 
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input jack. In this way the co- 
axial cable is always terminated 
at its far end. Examples of this 
distribution system will be shown 
later in the lesson. 


The first video amplifier is a 
conventional stage employing L; 
and Ly, as peaking coils. These 
coils, along with R;, Ra; and the 
components in the plate and cath- 
ode circuit of V» are selected to 
give the desired overall frequen- 
cy response. When the smaller 
values of components are used 
(selections are listed in the table 
of values in the upper right hand 
corner of the diagram), the over- 
all frequency response is about 8 
megacycles. When the larger val- 
ues are used, a reduction in fre- 
quency response and a corre- 
sponding increase in gain is ob- 
tained. 


The contrast control varies the 
gain of the first video amplifier by 
varying the amount of bias on the 
6CB6 tube. The input signal must 
be such that the blanking pulses 
are negative in polarity so the 
signal will be fed to the grid of 
the kinescope with the proper 
phase. 


The cathode and grid of Vu, 
function as a diode d-c restorer 
while the plate-cathode section of 
this same tube helps to eliminate 
the video information from the 
syne pulses that are then fed to 
one terminal of syne selector 
switch So. 


Since it is not necessary to have 
the syne pulses mixed with the 
video and blanking pulses, two 
syne input jacks are provided to 
feed external syne pulses to the 
monitor. The reasons for having 
two jacks are the same as for 
having two video input jacks— 
that of proper impedance match- 
ing. 


Negative sync pulses are fed to 
the cathode of V;, which causes 
amplified negative pulses to ap- 
pear in the plate circuit. No phase 





A monitor reproduces the data transmitted by 
the camera at a convenient location where 
files are kept. 


Courtesy Allen B. DuMont Laboratories, Inc. 


inversion occurs when the signal 
is fed to the cathode. These nega- 
tive pulses are available at the 
upper left terminal of the sync se- 
lector switch. The common ter- 
minal of the sync selector switch 
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then feeds the desired sync sig- 
nals to the grid of V,,. Amplified 
positive pulses appear in the plate 
circuit of Vy, and are fed through 
the vertical integrator network 
(PC1) to the grid of V;, where 
the integrated vertical pulses are 
used to synchronize the vertical 
oscillator. 





A larger monitor can be used in installations 
where the size of the reproduced picture is an 
important factor. 

Courtesy Allen B. DuMont Laboratories, Inc. 


Vertical oscillator V;, is a con- 
ventional blocking oscillator with 
its frequency being determined 
primarily by the RC network con- 
sisting of Cys, Rey and R»;. Ver- 
tical hold control R»; is variable 
to change the time constant and 
thus change the free running fre- 
quency of the oscillator. 


In the plate circuit, vertical 
size control Rey varies the B+ 


voltage applied to the plate of the 
oscillator and also varies the re- 
sistance through which sawtooth 
forming capacitor C,; must 
charge. The combined action of 
the sawtooth forming capacitor 
and series peaking resistor Ryo 
causes a trapezoidal voltage to be 
applied to the grid of vertical out- 
put tube Vz. 


Vertical linearity control Ry» is 
connected in the cathode of V, to 
vary its bias and also to vary the 
shape of the current which passes 
through Vs, and the primary of 
the vertical output transformer. 
Both halves of the 12BH7 double 
triode are connected in parallel to 
provide sufficient power to the 
vertical windings of the deflection 
yoke and produce a raster of the 
proper height. 


From the plate circuit of V5 a 
positive pulse is coupled through 
Ry and Cy to the cathode of the 
kinescope. This is a vertical re- 
trace blanking network and causes 
the kinescope electron beam to be 
cut off during the vertical retrace 
period. 


From the plate of V4,, positive 
syne pulses are also fed through 
Cu) to the left grid of V; which 
functions as the horizontal afe 
tube. The right hand section is a 
blocking oscillator and the entire 
system may be known as the pulse 
width or synero-guide afe system. 
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Horizontal sawtooth forming 
capacitor Cy» is connected from 
point D of the horizontal blocking 
oscillator transformer to the cath- 
ode of the 6BQ6. The developed 
sawtooth voltage, beside being ap- 
plied to the grid of the 6BQ6, is 
fed to an integrating network 
consisting of R;, and Cs. The 
parabolic wave-form voltage 
across C2; is then coupled, along 
with the sync pulses, to the grid 
of the afc triode. The phase rela- 
tionship of these two signals de- 
termines the instantaneous con- 
duction of the tube and the volt- 
age developed across Rys. This 
voltage, when applied through Rs» 
to the grid of the oscillator, locks 
the oscillator in step with the 
syne pulses. 


Horizontal hold control Ry». va- 
ries the B+ voltage applied to the 
afe tube which determines its 
average conduction. This, in turn, 
varies the average voltage across 
Rys which changes the frequency 
of the horizontal oscillator. 


Horizontal drive control Ry; va- 
ries the B+ available to the 
blocking oscillator and determines 
the peak-to-peak sawtooth volt- 
age developed across Cx». 


The remaining components in 
the horizontal section consist of 
the output transformer, damper 
tube, and yoke which are the con- 
ventional types found in many 
TV receivers. Width coil L; affects 
the impedance ratio of the pri- 


mary to the secondary and will 
control slightly the amount of 
power delivered to the yoke which, 
in turn, determines the amount of 
horizontal deflection. 


In the cathode of the damper 
tube there is developed a parabolic 
wave-form along with the B+ 
boost voltage of about 450 volts 
d-c. This combination is used to 
supply the plate of the 6BQ6. The 
phase of the parabolic voltage can 
be varied by adjusting Ls and this 
voltage will add to the pulse volt- 
age on the plate of the 6BQ6 and 
affect the conduction of the damp- 
er tube to help counteract any 
non-linearity in the sawtooth por- 
tion of the plate wave-form. 





The industrial TV camera pictured here has the 
camera control unit self-contained. Only a 
monitor is required to complete the chain. 
Courtesy Dage Television Division, 

Thompson Products, Inc. 


The low voltage power supply 
of Figure 2 is conventional, and 
requires no further comment. 


Installation and Adjustment 


In operation, if the video sig- 
nal to be fed to the monitor con- 
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tains synchronizing information, 
the monitor syne selector switch 
S. is set to the video or internal 
position. If the signal does not 
contain synchronizing informa- 
tion, the switch is set to the sync 
or external position and a source 
of syne pulses is applied to one 





This camera chain is designed so that the 
control unit and monitor are combined with 
the camera being small and compact. 


Courtesy Farnsworth Electronics Co. 
Division of I. T, & T. Corp. 


of the sync input jacks. The prop- 
er terminating resistance is re- 
quired across the other sync input 
jack. 


A video signal (preferably a 
test pattern) should be applied to 
the video input jack and power 
applied to the receiver. After two 
or three minutes warm-up time, 
turn the brightness control to its 
maximum clockwise position and 
adjust the ion trap magnet for 
maximum brightness. Reduce the 
brightness control to a_ point 
where the raster is just a little 


brighter than normal and adjust 
the focus control for best focus. 
Now readjust the ion trap magnet 
for the brightest raster. 


Turn up the contrast control 
and adjust the horizontal and 
vertical hold controls, if neces- 
sary, to lock the picture into place. 


Set the horizontal and vertical 
centering controls to the middle 
of their range and center the pic- 
ture by adjusting the physical po- 
sition of the focus coil. Minor 
centering adjustments can then 
be made with the centering con- 
trols. Never attempt to center the 
picture by adjusting the ion trap 
magnet. 


The controls that vary the size 
of the raster horizontally and ver- 
tically are then adjusted for best 
results. 


If it is necessary to adjust the 
horizontal oscillator, set the hori- 
zontal hold control to its maxi- 
mum clockwise position and place 
a short across the horizontal phas- 
ing coil of Figure 2 (Terminals 
C and D of T;). 


Adjust the horizontal frequen- 
cy slug until the picture falls 
into syne. Using a low capacitance 
probe, connect an oscilloscope to 
terminal C of the horizontal os- 
cillator transformer T;. 


Remove the short from the 
phasing coil and adjust its slug to 
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obtain the wave-form indicated at 
point C on the diagram. If the 
picture falls out of syne, readjust 
the horizontal frequency slug to 
bring it back into sync. 


When the horizontal hold con- 
trol is turned to its maximum 
counterclockwise position, the 
picture may fall out of syne but 
not more than three bars should 
appear. If more than three bars 
appear, repeat the above proce- 
dure. 


TV RECEIVER 

CONNECTIONS 
As previously mentioned, it 
may be desired to use regular TV 
receivers as monitors. In this 
case, it is necessary to feed the 
r-f signal modulated with the 
composite video signals to the an- 
tenna terminals of the receiver. 


The input impedance of most 
receivers is 300 ohms and it usu- 
ally is necessary to insert a 
matching pad between the coaxial 
cable feeding the receiver and the 
input terminals of the receiver. 
A suitable pad which consists of 
three carbon resistors isillustrated 
in Figure 3. 

The receiver is then tuned to 
the same channel as the r-f oscil- 
lator in the camera or camera 
control unit. 


REGULATED POWER 
SUPPLIES 


In some of the more elaborate 
camera chains, regulated power 


supplies will quite often be found. 
These supplies prevent any change 
in the d-c output voltage due to 
variations in line voltage, load re- 
quirements or signal conditions. 
Even though the basic operation 
of voltage regulated power sup- 
plies has been explained in previ- 
ous lessons, a description of the 
one shown in Figure 4 is given. 


The unregulated d-c output of 
the 5U4G rectifiers is taken from 
the center tap of the 5 volt fila- 
ment winding and applied to the 
plates of the 6AS7G tubes. These 
are the current carrying or regu- 
lator tubes and the entire B+- 
current must pass through them. 
In so far as the action of the 
tubes is concerned, the plates are 
all connected together and the 
grids are connected together as 
well as the cathodes. The 330 ohm 
resistors that are connected to 
each grid and the 150 ohm resis- 
tors that are connected to each 
plate provide isolation between 
the tubes. Such units prevent 
spurious oscillations from occur- 
ring; therefore, these resistors 
are called “parasitic suppressors”. 


The 50 ohm resistors, one of 
which is connected in the plate 
circuit of each 6AS7G, permit 
metering the current through 
each tube. When a current meter 
is plugged into J-1 and metering 
switch SW-3 is rotated, the cur- 
rent meter is placed in parallel 
with any one of the 50 ohm resis- 
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tors in the plate circuits of the 
6AS7G tubes. This permits quick 
metering of the plate current in 
each tube independently of the 
others. As a result, weak tubes 
can be readily spotted and re- 
placed before they cause trouble. 


ce 





This camera and control unit carries the idea 

of making the camera small and compact even 

further. Notice the relatively few controls on 
the control unit. 


Courtesy General Precision Laboratories, Inc. 


The combined plate current of 
all the tubes can be measured by 
setting the switch to the CURR 
position which places the meter 
in parallel with the 10 ohm resis- 
tor R-39. 


The cathodes of the 6AS7G 
tubes are tied together and con- 
stitute the regulated d-c B+ out- 
put point which, in this power 
supply, is about 300 volts. 


The 6SL7GT tube is a two stage 
control amplifier which amplifies 
any slight change in the regulated 
B+ output voltage. These changes 


are applied to the grids of the 
6AS7G tubes and vary their con- 
duction sufficiently to force the 
B+ to return to its original value. 


Tubes V-10 and V-11 are con- 
nected in series to provide a con- 
stant voltage drop of 240 volts. 
The remainder of the regulated 
output, or 60 volts, is developed 
across R-30 and applied to the 
cathode of the right hand section 
of the 6SL7 tube. This places the 
cathode 60 volts positive and to 
prevent the tube from being cut- 
off, a positive voltage is applied to 
its grid by means of R-31. This 
voltage is made variable so that 
the regulated output voltage can 
be adjusted to any value within 
the limits of the circuit. Moving 
the arm of R-31 up increases the 
regulated output voltage and mov- 
ing it down decreases the output 
voltage. 


Since the grid of the left hand 
section of the 6SL7 is connected 
directly to the plate of the right 
hand section, it has a positive 
voltage applied to it. To counter- 
act this direct voltage, the cath- 
ode is made more positive by the 
voltage drop across R-29. The 
voltage divider network of R-42, 
R-28 and R-29 is designed so that 
the voltage across R-29 is slightly 
larger than the direct voltage ap- 
plied to pin #1 of the 6SL7 tube. 


The overall action of the circuit 
is straightforward in that if the 
regulated output voltage tends to 
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increase, this increase of voltage 
is developed across R-30 and ap- 
plied to the cathode (pin #6) of 
the 6SL7. This increased bias re- 
duces the 6SL7 plate current and 
causes the plate (pin #5) to be- 
come more positive. Being tied 
directly to the right hand plate, 
the left hand grid (pin #1) also 
becomes more positive and the 
plate current of the left hand sec- 
tion increases. This causes a 
greater voltage drop across R-24 
and a resultant reduction in the 
plate voltage (pin #2). 


Since the plate of the left hand 
section of the 6SL7 is tied direct- 
ly to the grid of the 6AS7G tube(s) 
through the 330 ohm resistor (s), 
the reduced plate voltage is effec- 
tively an increase of bias on the 
6AS7G tube(s) and causes an in- 
crease in the voltage drop across 
the 6AS7G tube(s). Since the 
6AS7G tubes are in series with 
the regulated B+ output, an in- 
creased voltage drop across these 
tubes leaves less voltage for the 
regulated output and the regu- 
lated B+ output voltage reduces 
counteracting the original in- 
crease. 


Of course, all of this action 
happens instantaneously and ef- 
fectively prevents the regulated 
B+ output voltage from chang- 
ing. 

An additional point of interest 
in this circuit is the voltage di- 
vider across the regulated B+ 


output consisting of R-21 and 
R-22. The junction of these two 
resistors is connected to the fila- 
ments of the 6AS7G tubes and 
applies about 120 volts to them. 
Since the cathodes are at a direct 
voltage of 300 volts, this reduces 
the difference in potential between 
cathodes and filaments to about 
180 volts and helps to prevent 
breakdowns between the elements. 


LENSES 


The lenses used with the cam- 
era are an absolutely necessary 
accessory as without them a 
meaningless “hodge-podge” of 
light distribution would oecur on 
the vidicon photo-conductive layer. 


Since it is the responsibility of 
the electronic technician to install 
and adjust the camera, he must 
be familiar with two basic char- 
acteristics of a lens: the focal 
length designated by the capital 
letter “F’”’, and the rated speed or 
etfective diameter designated by 
the small letter “f:”. 


The focal length (F) is the dis- 
tance behind the optical center of 
the lens to the point where the 
parallel rays are focused. Thus, if 
an object at an infinite distance 
from the lens is focused 1” behind 
the lens, the focal length (F) is 
said to be one inch. The greater 
the F (for a given lens diameter), 
the greater the physical length of 
the lens barrel. 
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The F of a lens determines the 
magnification of the image being 
viewed and the angle of field cov- 
ered. As longer F lenses are used, 
the greater the magnification 
which provides a “close-up” to 
distant objects. Also, the longer 
the F of the lens being used, the 
smaller is the angle of coverage 
both vertically and horizontally. 


Looking down from above, Fig- 
ure 5 shows the horizontal cover- 
age of two lenses with commonly 





The camera and control unit shown in the 

previous picture are light enough that the 

young lady has no trouble carrying both units 
at the same time. 


Courtesy General Precision Laboratories, Inc. 


used F sizes. Should it be neces- 
sary to mount the camera 80 feet 
from the object being viewed, and 
an object which is 13 feet wide is 
required to fill the screen, the 3 
inch lens would be the proper 
choice. However, the height of the 
object being viewed must be con- 





sidered which might change the 
choice of F size lens. 


TV receivers, or monitors, are 
adjusted to reproduce pictures 
with a standard aspect ratio of 
four units in width to three units 
in height. Accordingly, the target 
of the vidicon upon which the 
lens focuses the image has an ef- 
fective scanning area to suit this 
ratio, which is 4 inch wide to } 
inch high. Thus the vertical field 
is 0.75 times the horizontal field. 
Since the 3 inch F lens has a hori- 
zontal field of about 13 feet at a 
distance of 80 feet, the vertical 
field is 0.75 times 18 or about 10 
feet. If the object to be repro- 
duced is higher than 10 feet, the 
camera would either have to be 
moved away from it or a smaller 
F lens used to increase the field 
coverage. 


The horizontal and vertical field 
covered by a given F lens is di- 
rectly proportional to the active 
area of the surface upon which 
the image is being focused. The 
following ratios illustrate this re- 
lationship: 


rp 
—______ q@ 
Scanned area width 

Distance of subject from lens (inches) 


7 Width of Field (Inches) 


The width of the scanned area 
is 4 inch. Thus, to find the width 
of field covered by a 1-inch lens at 
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a distance of 20 feet (240 inches), 
substitute the known values and 
let X equal the width of field as 
follows: 


transposing the equation, 
X=240 0.5 or 120. 


Therefore, X, or the width of 
field, is 120 inches or 10 feet 
which, in this case, is the horizon- 
tal field. The vertical field is 0.75 
of 10 feet, or 7.5 feet. 


To simplify the ratio and ob- 
tain the width of field directly in 
terms of feet, let: 


F=focal length of lens (inches) 
W=width of field (feet) 
D=distance of subject from lens (feet) 


A=width of scanned area (.5” for 
vidicon) 


Then the width of field can be 
determined from the following 
equation: 


AD 
we (2) 
F 


If it is desired to obtain the width 
of field of a 3” lens at 30 feet: 


The vertical field then is 0.755 
or 3.75 feet. 


Chart 1 lists the horizontal and 
vertical fields for five lenses at 
every 10 feet up to a distance of 
80 feet. If the distance from the 
object to the lens is fixed, the 
proper lens is easily selected. For 
example, if this distance is 60 
feet, a 43-inch lens will cover a 
field of 60 x 45 feet and 3 inch lens 
will cover a field 10 7.5 feet. “In 





HORIZONTAL & VERTICAL FIELDS (IN FEET) FOR VIDICON CAMERA 
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between” distances may be quick- 
ly estimated. 


The horizontal angle of view of 
a lens used with the vidicon is ap- 
proximately equal to: 


27 
H angle =——_————_ (3) 
F in inches 


The vertical angle is 0.75 of the 
horizontal angle. For comparison 
purposes, a table of vidicon lens 
angles is given in Chart 2. 





LENS ANGLES FOR VIDICON CAMERA 


LENS HORIZONTAL 
54° 


VERTICAL 








CHART 2 


The second important charac- 
teristic of the lens is the rated 
speed or f: number. A large dia- 
meter lens admits more light than 
a small diameter lens. The more 
the amount of light passed by a 
lens (greater the diameter), the 
higher is the rated speed. 


The television camera lens has 
an adjustable iris, or diaphragm 
opening, which may be used to 
vary the effective diameter. The 
speed is rated at the widest “stop” 
opening, which gives maximum 
diameter. This iris has the same 
function as the iris in the human 
eye. The big difference is that the 


camera lens iris is not automatic 
and must be adjusted manually to 
the various lighting conditions 
encountered, 


Lens speed is designated by the 
small “f:”’ and gets its rating 
from the following relationship: 


F 
f:=— (4) 
d 


where F=focal length and d= 
lens diameter with iris at widest 
opening. 


If a lens with a focal length of 
one inch has an effective diameter 
of 0.66, the lens speed ‘‘f:” is 1.5. 
That is, f:=+,=1.5. This is the 
speed of many 34-inch wide-angle 
and general purpose one-inch 
lenses. Many three-inch lenses 
have a “slower” speed of f: 2.5 
which means that at maximum 
aperture, more light is required. 
In general, longer focal length 
lenses will have higher f: num- 
bers. 


Most lenses include two adjust- 
ments: (1) a focusing ring, which 
is adjusted in feet as shown on 
the ring calibration to obtain 
sharp focus at the designated dis- 
tance, and (2) an iris adjustment 
ring which is calibrated in f: 
numbers. The iris is ordinarily 
opened to allow the most light 
such as f: 1.5 or f: 2.5 when a 
dim scene is being viewed. When 
a bright scene is being viewed, 
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the iris is “stopped down’. (Note 
that the higher the f: number, the 
smaller the opening.) The amount 
of light passed varies inversely as 
the square of the f: number ra- 
tios. If the opening is decreased 
from f: 2 to f: 4, the ratio is two 
and the amount of light is de- 
creased by the square of two, or 
four. Thus one-fourth the amount 
of light is passed at f: 4 com- 
pared to that at f: 2. 


Another effect of stopping down 
a lens, or increasing its f: num- 
ber, is that the depth of field is 
increased. This is the portion of 
the scene that is in focus in the 
picture, whereas objects nearer 
or farther than these limits are 
out of focus. Factors increasing 
the depth of field are: 


1. Shorter focal length lenses. 


2. Smaller stop openings (larg- 
er f: numbers). 


3. Greater distance between 
objects and camera for a 
given F lens. 


The “Depth of Field Tables” 
which accompany most lenses can 
be used to obtain the approximate 
depth of field at various f: stops 
for different F lenses used. 


To become familiar with depth 
of field characteristics, it is neces- 
sary to know the hyperfocal dis- 
tance of a lens. The hyperfocal 
distance is that distance at which 
the nearest object is in focus 


when the lens is focused upon in- 
finity. If the lens now is focused 
upon this hyperfocal distance, all 
objects from one-half the focused 
distance to infinity will be in fo- 
cus. Thus, the shorter the hyper- 
focal distance of a lens, the great- 
er the depth of field. Also, the 
shorter the focal length (F), the 
shorter the hyperfocal distance 
and the greater the depth of field. 


The vidicon camera normally 
allows slightly greater depths of 
fields than those listed in the lens 
tables since the tables assume 
maximum diameter of the “circle 
of confusion” to be one-thousandth 
(1/1000) of an inch. (The “circle 
of confusion” is the spot on the 
vidicon target covered by the fo- 
cused light rays.) In the TV sys- 
tem the maximum allowable dia- 
meter of the circle of confusion is 
two scanned lines or 1/700 of an 
inch. 


To obtain the hyperfocal dis- 
tance of a given F lens at a given 
f: stop, 

(F)* x (1/de) 
H=——__—_—_. (5) 
(£:) x (12) 


Where: 


F=focal length in inches 


1/dce=reciprocal of diameter of maxi- 
mum allowable circle of confusion 


f:=stop number 


H=hyperfocal distance in feet 


For example, find the hyperfo- 
cal distance of a one-inch F lens 
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stopped at f: 1.5. Substituting in 
equation (5), 


( 

1 2 
ay?x \ 700 / ax 1 
[5 a ea a ea oe 


(1.5) x (12) (1.5) x (12) 





700 
=——=39 ft. (approx.) 
18 


To find the depth of field of this 
same lens focused at 10 feet, the 
following equations may be used 
to find the limits of the depth of 
field. 


(H) (D) = (39) x (10) 
Near distance =——————_ = ——__—_ 
H+D 39+10 


=——=8 ft. (approx.) 
49 


CH) (D) (39) x (10) 
H-D —-39—-10 


Far distance = 


390 
=—=13.4 ft. (approx.) 
29 


Therefore, the depth of field is 
from 8 ft. to 13.4 feet, or 5.4 feet. 


It has not been the object of 
this lesson to cover lenses thor- 
oughly but merely to acquaint the 
electronics technician with some 
of their characteristics. If further 
information is desired, much good 
material can be found in most 
local libraries. 


INSTALLATION PROCEDURE 
Preliminary Checks 


Due to the many variations in 
the equipment made by the manu- 
facturers, the installation and ad- 
justment procedures specified by 
the manufacturer should be care- 
fully followed. However, the pro- 
cedure outlined in this lesson can 
be used as a general guide in con- 
junction with the manufacturer’s 
procedure. 


Probably the first thing to de- 
termine is the distance the cam- 
era will be separated from the 
control unit. This is important be- 
cause the filament voltage for the 
vidicon is quite often fed from 
the control unit, through the co- 
axial cable, to the camera. Since 
the voltage loss increases as the 
length of the cable increases, the 
filament voltage for the vidicon is 
usually varied by an adjustable 
resistance in the control unit so 
that it is exactly 6.3v a-c. 


Before placing the camera in 
its permanent position, the prop- 
er length of cable can be used to 
connect it to the control unit (with 
all equipment in the same room) 
and adjust the vidicon filament 
voltage for exactly 6.3v a-c. Be- 
fore turning the power on, how- 
ever, be sure that the beam and 
target controls are turned to their 
minimum position which is usu- 
ally in the maximum counter- 
clockwise direction. This precau- 


ao. 
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tion will prevent any possible 
damage to the vidicon target while 
preliminary adjustments are be- 
ing made. 


The monitor should be given an 
operational check before any units 
are permanently installed as there 
is always the possibility of dam- 
age being incurred during ship- 
ment. Any additional monitors 
can be tested after the complete 
camera chain has been set up. 


Camera Set-up 


When unpacking the camera 
from its shipping crate, care 
should be taken so that the front, 
or lens end, of the camera is held 
higher than the back end. If the 
vidicon tube is shipped separately 
from the camera, it should always 
be handled with the target end 
up. These precautions are neces- 
sary to prevent any loose particles 
which might be inside the vidicon 
from striking the target and dam- 
aging it. 

Most cameras are designed so 
that they will not function prop- 
erly unless the camera control 
unit is connected to it. In many 
cases, the video signal output jack 
must be terminated with its prop- 
er load resistance. This requires 
that a terminating plug with the 
load resistance built in (usually 
75 ohms) be connected to the video 
output jack. 


After the equipment is connect- 
ed, check all units to be certain 


the tubes are firmly seated in their 
sockets. Place a cap over the lens 
of the camera, adjust the target 
and beam controls to their maxi- 
mum counterclockwise positions, 
apply power to the units and al- 
low a warm up period of about 10 
minutes. 





The camera pictured here is set up to read the 

numbers on the passing freight cars. The in- 

formation is cabled to a control location where 
it is recorded. 


Courtesy Allen B. DuMont Laboratories, Inc. 


If a vidicon filament control is 
used, adjust the control for 6.3v 
a-c while measuring the voltage 
directly at the filament connec- 
tions of the vidicon. 


Set the target control to about 
its mid-position and slowly rotate 
the beam control clockwise until 
the vidicon target appears on the 
monitor. Adjust the electrical fo- 
cus for the best picture. 
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Monitor Raster Checks 


Figure 6A shows the correct 
area that is to be scanned on the 
vidicon and the manner in which 
it will appear on the monitor. In 
order to distinguish between the 
raster of the monitor and the pic- 
ture of the target being received 
from the camera, the monitor 
brightness control can be advanced 
and the contrast control turned 
down, making the monitor raster 
readily visible. 


By increasing the contrast and 
gradually reducing the bright- 
ness, the camera raster or picture 
will be visible, smaller than and 
superimposed upon the monitor 
raster. If not, return the beam 
control to its original counter- 
clockwise position, set the target 
control slightly more clockwise 
and repeat the procedure just de- 
scribed. 


To avoid burning the target of 
the vidicon, operate the camera 
with the lowest setting (counter- 
clockwise) of the target control 
which gives a good picture. 


If the representation on the 
monitor appears with rounded 
corners or with edge flare, as 
shown in Figures 6B and 6C, the 
scanning beam of the vidicon is 
not properly centered. Should it 
be impossible to center the picture 
with the vidicon centering con- 
trols or, if the picture centers at 
the extreme setting of either con- 


trol, the centering voltages should 
be checked. Assuming them to be 
normal, this off-center condition 
is probably due to one or both of 
the yoke windings being magnet- 
ized. 


The easiest method of overcom- 
ing this residual magnetism is to 
charge a .1 »f capacitor to the B+ 
voltage and discharge it through 
the affected coil. If the picture is 
off center vertically, discharge the 
capacitor through the vertical 
winding of the camera deflection 
yoke while the camera is in oper- 
ation and observe the resultant 
shift on the monitor. If the move- 
ment is in the wrong direction, 
recharge the capacitor and dis- 
charge it through the yoke wind- 
ing with the polarity reversed. 
Repeat this procedure until the 
scanning is centered with the cen- 
tering control in its mid position. 
Should the picture move too far, 
a smaller value capacitor can be 
used to obtain the desired results. 
The same procedure can be fol- 
lowed, if necessary, to center the 
picture horizontally. 


There is also the possibility that 
the focus coil has been magnet- 
ized. This can be remedied by 
disconnecting the focus coil and 
connecting it across the output of 
a “variac” (with the variac line 
plug disconnected). Plug the vari- 
ac into the a-c line and set it for 
115 volts. Turn the variac on and 
reduce the voltage to zero. This 
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reduction should be accomplished 
gradually in about five seconds. 
The power can be turned off and 
the focus coil reconnected. 


Vidicon Burn-in 


The width, horizontal linearity, 
height and vertical linearity con- 
trols are present at the factory. 
However, it is important that 
these controls be set properly, 
that centering be accurate and 
that the vidicon be rotated to the 
correct position to prevent multi- 
ple raster burns. 


When the vidicon is manufac- 
tured, it is put through a testing 
and aging process which results 
in a normal burn-in on the tar- 
get. Even though the target is a 
circular electrode about one inch 
in diameter, the useful area is a 
rectangle of 3” x }” within this cir- 
cular area. During the aging pro- 
cess, a conditioning of this useful 
area takes place which changes 
the sensitivity. Thus, the center- 
ing controls, the size controls, and 
the longitudinal position of the 
vidicon should be adjusted to use 
this aged area. It usually appears 
on the monitor screen as a lighter 
rectangle surrounded by dark 
edges. 


If the raster is over-scanned, 
an area of different sensitivity 
will be noticed as shown in Fig- 
ure 7A. If the raster is under- 
scanned, a smaller raster “burn” 
will be produced. This will result 


in reduced resolution of the pic- 
ture obtained (fewer elements of 
the target being used) and, if full 
size scanning is later used, the 
smaller rectangular burn will be 
noticeable in the picture. This ef- 
fect is shown in Figure 7B. 


Improper centering will pro- 
duce the effects as shown in Fig- 
ure 7C and will be visible as a 





The railroad industry also uses the far seeing 

eye of the closed circuit system to keep track 

of the cars that are placed in the classifi- 
cation yard. 


Courtesy Allen B. DuMont Laboratories, Inc. 


difference in picture brightness at 
one or two edges of the picture. 
In the case illustrated, the bottom 
and the right hand side would 
have a different brightness than 
the remainder of the raster or 
picture. 


Figure 7D shows the result of 
having the vidicon rotated so that 
the aged area of the target is not 
being fully used. Consequently, 
should it be necessary to install 
or replace the vidicon, it should be 
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positioned and all controls should 
be set so that the same area of 
the target is being used as was 
previously scanned during the 
aging process. 


Final Adjustments 


A test pattern, or some other 
source of picture information, can 
be used to produce a picture. If 
the picture obtained on the moni- 
tor is unsteady or cannot be syn- 
chronized horizontally or vertical- 
ly, the hold controls on the moni- 
tor and the camera should be ad- 
justed. Most camera chains em- 
ploy a master oscillator and fre- 
quency dividers to control the 
sweep circuits and continued lack 
of synchronization indicates trou- 
ble somewhere in the timer sys- 
tem. A slight adjustment of the 
master oscillator frequency con- 
trol will usually cause the picture 
to lock in. If not, it will be neces- 
sary to completely check and pos- 
sibly readjust each divider circuit. 


With the aid of an oscilloscope, 
the output of each divider can be 
observed and adjusted. That is, 
with the timer switch set to the 
free-running position the first di- 
vider following the master oscil- 
lator can be adjusted. For exam- 
ple, if the first divider is a divide- 
by seven circuit, the divide-by 
seven control should be adjusted 
so that the tube fires on every 
seventh pulse. The remainder of 
the dividers should be adjusted 
similarly. 


The master oscillator frequency 
control can then be adjusted so 
that a bar drifts slowly through 
the picture. Setting the timer- 
switch to the “timer in” position 
should cause the picture to be 
steady. If not, the trouble prob- 
ably lies in the afe system of the 
timer and it will be necessary to 
investigate this circuit more thor- 
oughly. 

There is also the possibility that 
the difficulty may lie in the indi- 
vidual deflection circuits or in the 
syne circuits. However, no at- 
tempt is made here to cover all of 
the possible troubles in the cam- 
era chain. A thorough under- 
standing of the equipment should 
provide the technician with suffi- 
cient information to enable him 
to locate and correct most of the 
troubles. 


The final position of the cam- 
era will be determined by the size 
of the object being viewed, the 
size of the lens being used, light- 
ing conditions and other circum- 
stances peculiar to the installa- 
tion. Two important “do nots” 
that should be observed when lo- 
cating the camera are: (1) DO 
NoT have any direct light falling 
on the camera lens and, (2) DO 
NOT locate the camera where it 
will be subjected to excessive heat 
or vibration. Even though indus- 
trial cameras are designed for 
ruggedness, they are still delicate 
electronic instruments and must 
be treated with care. 
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Should it be necessary to install 
the camera where the tempera- 
ture is higher than normal, an 
adequate cooling or ventilating 
system should be provided. In the 
event that the scene being viewed 
is the flame of a furnace or a sim- 


When laying the cable, care 
should also be exercised so that it 
is not subjected to excessive tem- 
peratures, to prevent objects from 
striking it and to prevent any un- 
due strain on the connection to 
the camera. 





Research medicine finds the closed circuit TV system very useful. Here, the camera 
is being used in conjunction with a microscope to aid in the analysis of the sub- 
stance being studied. 


Courtesy Allen B. DuMont Laboratories, Inc. 


ilar bright object, a filter can be 
placed over the camera lens or 
the iris opening can be stopped 
down to reduce the amount of 
light entering the lens and strik- 
ing the target. 


If the camera is to be installed 
out of doors where it will be ex- 
posed to all types of weather con- 
ditions, a weatherproof housing 
can usually be obtained from the 
manufacturer. These housings in- 
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clude a windshield wiper, that can 
be remotely controlled, to permit 
operation of the camera even 
while it is raining. 


Other special housings are also 
available which permit operation 
of the camera underwater and to 
protect it from explosions. The 
manufacturer of the equipment 
can provide all of the necessary 
details concerning these housings. 


DISTRIBUTION SYSTEMS 


The manner in which the signal 
is fed to the monitor, or the stand- 
ard TV receiver, or a combination 
of these units depends upon the 
design of the equipment being 
used and upon the requirements 
of the particular installation. 


Figure 8 is the pictorial dia- 
gram of the basic system. The in- 
terconnecting cable between the 
camera and the camera control 
unit is a multi-conductor cable 
that provides the camera with all 
of the necessary voltages and feeds 
video to the camera control. The 
output of the camera control unit 
feeds the composite video signal 
to the monitor. 


Some manufacturers consoli- 
date the camera and the camera 
control into one unit. In this case, 
the complete camera chain con- 
sists of the combination camera- 
control unit and a monitor. Fig- 
ure 9 illustrates this system along 
with an extra monitor. When this 


arrangement is used, a modulated 
r-f output is usually available as 
well as the composite video sig- 
nal. Figure 10 shows this latter 
system with the video being fed 
to a monitor and the modulated 
r-f being fed to a conventional TV 
receiver. 


In some cases it is necessary to 
view several objects simultaneous- 
ly, and the effect can be accom- 
plished by the set-up shown in 
Figure 11. This system is actu- 
ally three complete camera chains 
with each chain being independ- 
ent of the others. 


Other manufacturers make the 
camera as small and compact as 
possible while combining the cam- 
era control and the monitor into 
one unit. Shown in Figure 12, this 
distribution system also provides 
a modulated r-f output signal that 
can be fed to a standard TV re- 
ceiver. 


Some of the simpler distribu- 
tion systems have been illustrated 
in Figures 8 through 12. How- 
ever, a system can be devised to 
meet almost any requirements. 
Figure 13, for example, shows the 
method of connecting three cam- 
eras to as many TV receivers as 
desired and allows the personnel 
viewing each TV receiver to ob- 
serve the picture produced by any 
of the cameras. 


The output of the combination 
camera-control units is a modu- 
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lated r-f signal. The frequency of 
Unit #1 is set to Channel 2, the 
frequency of Unit #2 is set to 
Channel 4, and Unit #3 is set to 
Channel 5. The three r-f signals 
are fed by coaxial cable to a mix- 
ing unit which mixes them line- 
arly. Linear mixing is necessary 
to prevent the signals from modu- 
lating one another. As a result, 
the output of the mixing unit con- 
tains all three r-f signals and is 
fed to the antenna input termi- 
nals of the TV receivers. 


Since the characteristic imped- 
ance of the coaxial cable is usu- 
ally 72 ohms, a bridging trans- 
former is connected between the 
TV receivers. This transformer 
matches the 72 ohm impedance of 
the cable to the 300 ohm imped- 
ance of the receiver. It also pro- 
vides a 72 output connection 
which is used to feed the next TV 
receiver. Finally, an impedance 
matching transformer is used to 
feed the last TV receiver in the 
string. 


In this way, each TV receiver 
can reproduce the output of any 
of the cameras merely by tuning 
the receiver to the channel de- 
sired. Also, the receivers are 
completely independent of each 
other and all of them can be 
turned to reproduce the output of 
the same camera or different cam- 
eras as desired. 


Figure 14 is basically the same 
as Figure 13, the only difference 


being that the cameras and the 
camera control units are separate 
from each other rather than being 
combined as in Figure 13. In a 
commercial set-up, the three cam- 
era control units, the r-f mixer 
and one TV receiver would all be 
centrally located so that each 
camera could be controlled by one 
operator, if necessary. 


The distribution system of Fig- 
ure 15 has the composite video 
signal from the three camera con- 
trols being fed into a video 
switcher. This is merely a device 
which permits the operator to se- 
lect the output of any one of the 
cameras and feed it to the moni- 
tors. Remote monitors can be 
added to the system and each of 
them will reproduce the same pic- 
ture. 


SERVICING 


Industrial camera equipment 
should not give as much trouble 
as electronic devices that are sold 
to the general public. Since the 
cost of the equipment is not the 
most important factor, the manu- 
facturer can design the equip- 
ment so that none of the compo- 
nent parts are overworked. Also, 
he can use high quality parts and 
take the time to pretest all equip- 
ment before it leaves the factory. 


One of the most important du- 
ties of the service technician is to 
maintain the equipment in good 
working condition and make pe- 
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riodic checks to prevent trouble 
from occurring as breakdowns 
often cause costly losses to the 
organization using the equipment. 


One of the most effective ways 
to prevent breakdowns is to keep 
an accurate log of the hours of 
operation of each piece of equip- 
ment. Record all tube changes as 
frequent failure of any tube or 
tubes may be an indication that 
a component used in the particu- 
lar circuit is defective and caus- 
ing the tube failures. The unit in 
question can then be thoroughly 
checked at the earliest convenient 
time. 


Also, the average dependable 
life of most tubes has been ascer- 
tained by the manufacturer and 
many organizations replace all 
tubes that have been in operation 
for this specified length of time 
even though the tubes are not 
causing any trouble. An alterna- 
tive method is to periodically test 
all tubes with a mutual conduct- 
ance type tube checker and re- 
place all those that do not come 
up to specifications. 


Regular examinations of all in- 
terconnecting cables should be 
made with special attention given 
to all points where connections 
are made. The cable should be run 
through piping, or protected by 
some means, at places where it 
is subjected to more than normal 
abuse. 


A small vacuum cleaner should 
also be a part of the serviceman’s 
equipment and it should be used 
as often as necessary to prevent 
an excessive amount of dust and 
dirt from accumulating on the 
equipment. A soft, lint-free cloth 
and special cleaning fluid should 
be used to clean the camera lenses 
as they can be permanently in- 
jured by careless or improper 
handling. 


Included in the equipment may 
be motors for remote control of 
panning, tilting, and focusing the 
camera. If so, these should be 
cleaned and oiled regularly and 
any gears used in conjunction 
with the motors should be cleaned 
and given a light coat of the spe- 
cified grease. 


In spite of these preventive 
measures, failures will still occur 
and the technician must be capa- 
ble of locating and correcting the 
difficulty as quickly as possible. 
To do this, a thorough under- 
standing of the equipment is es- 
sential and it is worth while for 
the technician to spend sufficient 
time studying available informa- 
tion to enable him to work effi- 
ciently and quickly. 


Accompanying most equipment 
of this type are resistance, volt- 
age, and peak-to-peak wave-form 
charts. If these are not provided, 
the technician should prepare 
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them at a time when the equip- 
ment can be shut down and these 
tests can be made. Information of 
this type is extremely valuable 
when attempting to locate and 
correct defects. 


The test equipment required by 
the serviceman is essentially the 
same as that required by a regu- 
lar TV serviceman. Typical is that 
of a voltmeter that has a sensi- 
tivity of at least 20,000 ohms per 
volt, or a vacuum tube voltmeter ; 
an ohmmeter that is capable of 
measuring at least 100 megohms; 
a mutual conductance type tube 
tester; an oscilloscope with the 
vertical sensitivity being .05 volts 
rms per inch or better and the 
frequency response being 2.5 mc 


or better and an audio or video 
frequency generator. 


The trouble shooting procedures 
for closed circuit TV equipment 
are no different than for regular 
television receivers and no at- 
tempt will be made here to give 
step-by-step methods. The most 
important consideration in the 
servicing and maintenance of any 
electronic device is to thoroughly 
understand how it operates. 


Since color television is rapidly 
developing into an important part 
of the television industry, the next 
lesson takes up the subject of 
color so that this information can 
be used advantageously in the 
lessons on color television that 
follow. 
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ESSENTIAL SYMBOLS AND EQUATIONS 


F=Focal length of lens. 

f£:—Rated speed or effective diameter of lens. 
W=Width of field (feet). 

D=Distance of subject from lens. 

A=Width of scanned area (4” for vidicon). 
d=Lens diameter with iris completely open. 
H=Hyperfocal distance of a lens. 


1/de=Reciprocal of diameter of maximum allowable circle 
of confusion. 


F D 
= (1) 
A W 
AD 
w=—— (2) 
F 
27 
H angle=————____ (3) 
F in inches 
F 
f= (4) 
d 
(F)?x (1/de) 
=—— (5) 


(£:) x (12) 
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IMPORTANT DEFINITIONS 


BURN-IN—An area on the target of the camera tube which has a 
different sensitivity than other areas. The center portion of the 
target usually has a normal “burn-in” condition due to the aging 
process. The burn-in area appears lighter than the remaining 
area. 


DEPTH OF FIELD—The distance from the nearest object in focus 
to the farthest object in focus. 


FOCAL LENGTH—The distance from the optical center of a lens 
to a point behind the lens where parallel rays of light are focused. 


HYPERFOCAL DISTANCE—The distance from the optical center 
of the lens to the nearest object which is in focus when the lens 
is focused on infinity. 


IRIS—tThe opening in front of the lens which varies its effective 
diameter and the amount of light that can enter the lens. The 
iris of lenses used with TV cameras are practically always adjust- 
able. 


MONITOR—A piece of equipment containing the necessary compo- 
nents to produce a picture on a kinescope when the video signal 
and the sync pulses are available. 


REGULATED POWER SUPPLY—A power supply in which the 
direct voltage output is maintained at a pre-determined value 
by electronic control circuits even though the alternating volt- 
age of the line or the load current varies within certain limits. 
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